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Abstract

Based on “Farmer-Supermarket Direct-Purchase” as the research background, with farmer, su-
permarket, logistics company as the main body of research, this paper combines with the thoughts
of contract theory, and introduces the concept of fresh-keeping contract of agricultural products.
Then, game theory is used to analyze whether to sign the fresh-keeping contract between the su-
permarket and farmer, supermarket and logistics company. The results indicate that: when far-
mer and supermarket sign the fresh-keeping contract of fresh agricultural products, the farmer
and the supermarket will both benefit from the fresh-keeping contract. Whether supermarket and
logistics company sign the fresh-keeping contract is determined by w,, w,.If w, =w,, the su-

permarket and the logistics company can sign the fresh-keeping contract or cannot sign the con-
tract. If w, >w,, supermarket and logistics company will not choose cooperation. If w, <w,, as

long as the liquidated damages are in a reasonable range, supermarket and logistics company will
both benefit from signing a fresh-keeping contract. This paper can provide a reference for the su-
permarket, farmers, and logistics companies when signing fresh-keeping contracts.
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1. Introduction

“Farmer-Supermarket Direct-Purchase” is a new form of circulation that farmers sign a contract with merchant,
and then the farmers directly provide agricultural products for supermarkets or markets [1]. This mainly wants to
build a platform for high-quality agricultural products into the supermarket. Fresh agricultural products are pro-
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duced by farmers. Whether the quality of agricultural products is up to the standard determines whether the su-
permarket chooses its cooperation with farmers and the wholesale price of agricultural products [2]. In the
process of transporting the fresh agricultural products to supermarkets, its freshness will continue to decrease
with time. And, the freshness determines the retail price of agricultural products. The freshness and the price
determine the consumer’s purchase intention. So in the whole process, how to ensure the standards of agricul-
tural products, how to ensure the freshness of fresh agricultural products in circulation, and how to ensure the
final profit of the supermarket are all problems that should be taken into consideration.

Researches about the research of Contract model of “Farmer-Supermarket Direct-Purchase” is also less. Ex-
isting literatures have done some related researches about the “Farmer-Supermarket Direct-Purchase” and the
fresh-keeping contract of agricultural products. Shen Mo (2010) [3] researched on linkage benefit based on
“Farmer-Supermarket Direct-Purchase”; the paper thinks that “Farmer-Supermarket Direct-Purchase” is an in-
novative business model of agricultural products from farmer to supermarket. It reduces the cost of production
and circulation of agricultural products, to ensure the freshness and safety of agricultural products, and promote
the establishment of traceability system of agricultural products. Also, it enhances the competitiveness of China
agricultural products in the international market, and realizes the profit of farmers, supermarkets and consumers.
Zheng Peng (2012) [4] analyzed the surplus distribution and regulation of “Farmer-Supermarket Direct-Pur-
chase” based on the survey data of five provinces and cities in the Midwest. Zheng Guangcai (2011) [5] pointed
out that “Farmer-Supermarket Direct-Purchase” is on the initial stage; there are also some problems, such as
understanding, planning, policy, management and distribution; and positive policies and powerful measures
should be adopted to address the problems. Li Jianping et al. (2013) [6] constructed cooperatives and paceset-
ting enterprises as the core of the new mode of agricultural production and marketing docking, and put forward
the breeding production and marketing of specialized subject, to improve the level of information technology, to
promote the socialization of service and to increase the support of the government policy recommendations
combined with our country agricultural product production and marketing situation and economic analysis. Shen
Min (2011) [7] and Sun Qingzhen (2011) [8] pointed out that the supply and marketing cooperatives should
construct the agricultural chain management network, guide the farmers to implement standardized production,
and make bigger and stronger professional farmers cooperatives to further promote the “Farmer-Supermarket
Direct-Purchase”. In the research of fresh-keeping contract, Wang Jing and Chen Xu (2011) [9] considered the
fresh produce with a two-stage model, taking the huge circulation wastage into account, and discussed the op-
timal procurement decisions for a stochastic demand environment from retailer in one period by establishing the
option contract. Wang Lei and Dan Bin (2013) [10] based on the characteristics that fresh agricultures product
will deteriorate, constructed a time-varying consumer utility model considering the greenness and price of the
fresh agricultural products with utility theory, which depicts the effect that the fresh-keeping has on the con-
sumers purchase decision. In addition, a multi-item ordering model for various fresh agricultural products is de-
veloped to analyze the retailer’s ordering policies under different unit fresh keeping cost of supplier. Gu Wa-
nrong et al. (2014) [11] according to the deteriorating characteristics of the fresh agricultural product and the
variety of consumer preference, developed a time-varying consumer choice model influenced by the greenness
and price of the fresh agricultures product. Based on the change of the ordering quantity and potential market
capacity, the optimal pricing and optimal input for fresh-keeping of the retailer are analyzed. Wang Chong and
Chen Xu (2011) [12] considered the circulation wastage of the fresh produce, and investigated the pricing and
coordination with options contracts in a two-stage supply chain that a fresh produce supplier sells to a retailer
with Stackelberg model. The optimal option ordering policies for the retailer as well as the optimal pricing poli-
cies for the supplier are given when the retailer only orders options. Taking the integrated supply chain as the
base model, they give the coordinating conditions for the fresh produce supply chain.

Different from the above literature research, this paper will use the game theory analysis to research that in
the mode of “Farmer-Supermarket Direct-Purchase”, in what circumstances the supermarket, farmer and logis-
tics company will sign the fresh-keeping contract.

2. Problem Description

From the legal sense, in agricultural super docking, farmer and supermarket need to sign a contract, on one hand,
farmer produce the agricultural products for supermarket with a certain production cost, on the other hand, su-
permarket buy agricultural products with a certain wholesale prices. Then, logistics company will transport the
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agricultural products to the destination with a certain transportation cost, and in the end, the supermarket sells
agricultural products at a certain retail price. Three party’s interests are determined by the quality of fresh agri-
cultural products. Therefore, in this paper, based on the results of previous studies, this paper will design the
fresh-keeping contract model of fresh agricultural products, and gives the game analysis of whether the farmer,
the supermarket and the logistics company sign the fresh-keeping contract or not.

3. Model Description
3.1. Symbol Definition

The symbol definition of the model is shown in Table 1.

3.2. Model Hypothesis

Assuming that the supermarket is risk neutral, farmer and logistics company are risk averse.

Table 1. Symbol definition.

Subjects Variables Explanation
Production cost of agricultural products, CF,CF" represents production cost of signing
CF, (CE ; CE’) the keeping fresh contract and not signing the keeping fresh contract respectively. i
expresses different kinds of agricultural products.
Farmer y e [}/],,7],,] Effort level to el?s%lre the quality f)f fresh agricultural produ?ts. 7,,y, Trepresents
the minimum and maximum level of effort, both in the 0 - 1.
» (p' p”) Wholesale price of agricultural products, p;,p; represents wholesale price of signing
e the keeping fresh contract and not signing the keeping fresh contract respectively.
M (p ) Purchase cost of agricultural products, CM,CM represents purchase cost of signing
e the keeping fresh contract and not signing the keeping fresh contract respectively.
0 The total amount of agricultural products purchased.
Super- Transportation cost of agricultural products, CT,CT," represents the payment of the
market CT, (CTH CY:) cost of transport for logistics company of signing the keeping fresh contract and
not signing the keeping fresh contract respectively.
» (p' P ) Sales price of agricultural products, p/,, p/, represents the sales price of signing
A the keeping fresh contract and not signing the keeping fresh contract respectively.
CT, The transportation cost of logistics company.
Logistics
company y, e [7/' 7/,,] Effort level to ensure the quality of fresh agricultural products. 7,7,
2 2072
represents the minimum and maximum level of effort, both in the 0 - 1.
0(y,.¢)e[0,] Fresh level of agricultural products, increasing with 7., 0(7,.&)=0(7,)e,
£ Random variables under uncertain conditions.
Parameter K ,K, Price elasticity of different price.
variable
nF (nF',nF")
M (zM',zM") Respectively, on behalf of the profit of farmer, supermarket and
’ logistics company in the case of signing the fresh-keeping contract.
xT (xT',zT")
£, Random variables under uncertain conditions.
Consumer
D, ( p12,¢9) Demand function, is related to fresh level of agricultural products.
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H1: Assuming that the supermarket and farmers signed a fresh-keeping contract, the supermarket just buy
fresh agricultural products which meet quality requirements, and the fresh agricultural products do not meet the
quality requirements will not be purchased. p, ,(1 - pl) represents the probability that the quality of agricultur-
al products is up to the standard or not respectively.

H2: If the supermarket and logistics company sign the fresh-keeping contract, the logistics company must en-
sure the freshness of fresh agricultural products within the scope of supermarket can accepts. If the fresh level of
agricultural products cannot be guaranteed, then the logistics company must compensate for a certain amount of
liquidated damages. p,, ( 1- pz) represents the probability whether break the contract or not.

H3: If the agricultural products are not fresh enough, consumers have the right to choose whether to buy. Su-
permarkets will make a price based on the fresh level of agricultural products. The probability that the fresh
produce is sold is p,, the probability of an incomplete sale is (1 - p3) .

H4: Assume that the farmer, supermarket and logistics company are all rational people.

4. Model Establishment

4.1. Game Effect Analysis between Supermarket and Farmer

LR I3

For farmer, “the planting of what”, “where to sell”, as well as “how much money to sell” is the most concerned
problem. For the supermarket, the “quality” and “customer satisfaction” are the most concerned problems. In the
case of agricultural products fresh-keeping contract signed, if the supermarket and farmer are consistent, both
sides have income, if the supermarket and farmers do not agree, then there is no cooperative relationship be-
tween the two sides, then the expected profit is 0. Establish strategic game matrix between supermarkets and
farmers as is shown in Table 2.

In the cultivation of agricultural products, farmers cannot be 100% to ensure that all agricultural products can
meet the requirements of the contract, so set the number of agricultural products which meet the requirements of

freshness requirements, that can be represented as Z( 71, ) , & indicates that some of the natural factors that
are not resistant to the damage of agricultural products. To make the index of agricultural products meet the re-
quirements is M (y,,&)=M ()&, among the formula, M (y,) is the increasing function about the y,.

Then, E( 7€) =Tg/M(y,)¢e,, among this, Tg/ is the total amount of agricultural products production of

farmer.
Step 1. Both sides sign the contract
I — I o —
E(nF")= p{’Z(p!i q/ —CF,-')+(1 —p{’)Z[p!l (qu-’ -q/ )— CF,-'} (1)
i=1 i=l
1
M) = pf| S (otr- M) =T (1) (St (@-D)-em]-cnf @)
i=1 i=1

Step 2. Both sides did not sign the contract

I I
E(zF') =Y (Phal ~CF)+(1- ) X[ pi(Ta! -4/ )~ CF] 3)

i=1 i=1

!
BmM) = | S (o0l =) -Cr (- p){ Slonl@-p) -] @
i=1 i=1
Step 3. Determination of demand function and basic parameters
Table 2. Game matrix between supermarket and farmer.
Expected profit Sign fresh-keeping contract Do not sign fresh-keeping contract
Sign fresh-keeping contract E, (ﬂ'M") , E(/rF") 0,0
Do not sign fresh-keeping contract 0,0 E| (”M,) > E(”F,)
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Consumer demand function D, (p,,.8)=y,Bp, & (5)

Among them, B=A(7,.6)=p8(r,)e (6)

P represents fresh level of fresh agricultural products, consumers will determine whether to purchase or not
and the purchase quantity according to the freshness of agricultural products.

For farmer, the cost of production of fresh agricultural products is proportional to the degree of efforts of far-
mers’ inputs, the more effort the investment, the higher the cost of production, and the wholesale price will in-
crease accordingly. So the cost of production and wholesale prices are:

CE‘(%’T%/):CE(T%])% (7

Py =an+ pi(; (®)

For the supermarket, the price of fresh agricultural products is related to the fresh level of agricultural prod-
ucts, the more fresher of agricultural products, the price will be more favorable. The total cost of the purchase of
agricultural products is related to the agricultural products’ prices and wholesale quantities. The cost of trans-
portation in the fresh contract is related to the efforts of the logistics company to keep the fresh degree of the
agricultural products. Therefore, the retail price of fresh agricultural products, wholesale costs and transport

costs are:
Pn =af+p) ©)
And, p; is the initial wholesale price, p?, is the initial retail price.
J J—
CM;, :prlq}'/ (10)
=l
J —
So the total purchase volume is O, =Zq[f , And keep the same. (11)
J=1
CT, =CT(0,)7, (12)

Step 4. Game analysis p/ = p, p; = p; , Formula (1) minus Formula (3):
AE(znF)=E(nF")-E(nF")

I

=p Z[p?] (q,-j —q,.")+a(7]”qf —y{q,-j)—CFf (71”—7{)} (13)
i=1

14 PR -
+(1 - A )Z|:P101 (qz] _Qi/ ) + aTQi/ (7/1”_71’)"' a(}/l'qij _71”‘11’] )_ CF, (71”_7/1’):|
i=1
Because ¢/ >q¢/,7/> 7/, 50 ylq] >7iq!. Dq,=q] —q] Ay, =¥/~ 1. Ang, = yla] ~7lg] is into the For-
mula (13), get:

1

AE(zF)=p, Y. (phAg, +adyg,—CFAY,)

=1 14
+(1-p; )i[pﬁ (Ag,)+aTq/ Ay, +a(-Arg,)-CEAy, | "
The Formula (14) can be simplified as folllzciws:
AE(zF)=(2p, —1)i(p;’]Aq,. +aryg)+(1-p,) Ay, iarq,.f ~Ay, iCF, (15)
Similarly, Formula (2) minus Formula (:) - -
AE (zM)=E(zM")-E(zM")

= p3i[aDi (B"-p)-(cM!-CcM])-(CT- CTI')] (16)
+(1-p) 2 [a(Q - D) (8" F)-(CM[-CM})~(CT/-CT})

1

i
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AB=p"- B, ACM, =CM"—CM!,ACT, = CT'-CT}

Also because CM, = p,0,, CT, =CT, (Qi)(yz”—yz’), 0, ACM, =aQ,Ay,,ACT, =CT,(Q,)Ay,,
That is into the Formula (15), can be simplified:

AE, (M) = (2p3—1)AﬁZD +al(1-p)AB- Am]ZQ AnZCT( /) (17)

4.2. Game Effect Analysis between Supermarket and Logistics Company

Logistics company is mainly responsible for the shipment of fresh agricultural products, and carry out a full
range of control of the quality and safety of fresh agricultural products, so that the fresh level of agricultural
products can maintain the best. But, at present many logistics companies do not pay great attention to maintain
the fresh level agricultural products, a large number of agricultural products will be rotten, wilt and so on when
they are shipped to the destination. For such a situation, the supermarket can do nothing, only to try to adjust the
prices of agricultural products, so that the agricultural products sold out. But in this way, the profits of the su-
permarket will be reduced with the loss of the fresh level of agricultural products. So, if the supermarket and lo-
gistics company signed the fresh-keeping contract, then the logistics company will pay extra attention to the
agricultural products freshness protection. In the transport process, it will use appropriate measures to achieve
good preservation of agricultural products. In this way, the freshness of agricultural products can be maintained,
supermarkets also need to pay extra cost of preservation. Once the logistics company defaults, it will pay a cer-
tain amount of liquidated damages. So, whether sign the contract or not, supermarkets and logistics companies
have their own consideration. However, if the parties do not agree on the contract, then the two sides do not
cooperate, the expected profit is 0.The game matrix of supermarket and logistics company as is shown in Table

3.
Step 1. Both sides sign the contract
E(xT")= p,(CT"-CTy)+(1- p,)(CT"-CT;- L) (18)
1 1
B (eM") = | 301 2,Q)~CT (1= )| 30D 1,@)-CT (19)
i=1 i=1

Step 2. Both sides did not sign the contract
E(#xT")=1x(CT'-CT;) (20)

E,(zM")= I{ZI‘,(PQD' Pa0)- CT{} @1

i=1

Step3. Game analysis
AE(zT)=E(xT")-E(#T")=(CT"-CT,)-(CTy-CT))-L(1- p,) (22)
AE, (M )=E,(zM")-E,(zM") = L(1- p,)+ p, (D/- D)~ (CT,"- CT}) 23)

Because CT,=CT,(Q,)7,. CT,=CT,(Q,)7,. So. CI/~CI=CF,(Q,)Ay,. CT{~CI;=CT,(0,)Ay, .
AD, = D' D), available in (22) and Formula (23):

AE(nT)=A72i[CTI(QI-)—CE (Q)]-L(1-p,) (24)

i=1

Table 3. Game matrix between supermarket and logistics company.

Expected profit Sign fresh-keeping contract Do not sign fresh-keeping contract
Sign fresh-keeping contract E,(zM"), E(=T") 0,0
Do not sign fresh-keeping contract 0,0 E,(zM') | E(xT')
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1 !
AE, (M) = L(1=p,)+ 3. p,AD, = A7, 3 CT,(Q)) (25)
i=1 i=1
From Formula (24) and Formula (25), it can be seen that the expected return of fresh-keeping contract is only
related to the total transportation quantities, the effort of fresh-keeping of the logistics company, the probability
of default and the default payment, has nothing to do with the agricultural products price and other factors.

5. Model Results Analysis
5.1. Game Result Segmentation

Through the analysis of the game between supermarket and farmer, the supermarket and logistics company, re-
spectively, the expected profit of sign the fresh-keeping contract minus the expected profit of not sign the
fresh-keeping contract, the, get the Formulas (15), (17), (24) and Formula (25). The four results will be analyzed
respectively.

For Formula (15), CF, =¢,Tq/ =¢Tq/, the ¢, is the unit cost of agricultural products, ¢ is the average
cost of agricultural products, then:

1 I I
(1-p)Ar Y aTq] Ay, Y CF, = [a(l—pl)—E} Ay, Y Tq! , also because a(1-p,)=¢, So the Formula (15)

i=l1 i=l1 i=l1
is constant greater than 0,that is, the expected profit of signing the fresh-keeping contract is greater than that the

!
expected profit not signing the fresh keeping contract. For Formula (17), CT, (Qi)z CIZQ,. , ¢ 1s per unit
i=1
transportation cost required by the supermarket. Assume that the supermarket procurement of agricultural pro-
ducts just can be sold, that is supply and demand is equal, then the Formula (17) can simplify as

I
(ap3Aﬁ—aA7/1 _clA7z)ZQ,- .
i=1

1 I
For Formula (24), (25), because CT, (Ql.) = CIZQI- , CT, = CZZQ,. , among them, ¢, is per unit transporta-
i=1 i=1
1
tion cost required by the logistics company. Then Formula (24) is Ay, (¢, —¢,)>. 0, —L(1-p,), Formula (25)

)
I 1
simplified as  L(1-p,)+ . p,AD, —¢,Ay, >0, .
i=1 i=1

To sum up, the expected profit margin after simplification is shown as follows:

AE(zF)=(2p,-1) :1 (PhAg +arrg,)+[a(1-p, )—E]Ayérq{ (26)
AE, (xM) = (ap,AB —aby, —clA;/z)iQ, 27

AE(2T) =, (¢, —cz)iZ::QI. L(1-p) (28)

AE, (M) = L(1- p2)+§ 2.AD, —clA;/Z’Z::Q,. 29)

5.2. Summary of Results

For farmer, because AFE (7rF ) is constant greater than 0, so there is a dominant position when sign the fish-
keeping contract.

For logistics company, AE (7Z'T ) is not only related to the degree of fresh-keeping effort, but also related to
the liquidated damages.
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1
Only when 0<L<Ay,(¢,—¢,)>.0, /(1-p,), AE(zT) is constant greater than 0, there is in a dominant
i=1

position of logistics company when sign the fish-keeping contract. Otherwise AFE (7zT ) is less than 0, there is a

dominant position of not signing the fish-keeping contract.

For the supermarket, there are two parties to the game, one side is the farmer, the other is the logistics com-
pany. From the above, it have been proven that there is an advantage of farmer sign the fresh-keeping contract,
so, the farmer will sign the contract and then the supermarket will also sign the contract. The logistics company
whether sign the fresh-keeping contract is determined by the size of the liquidated damages. If the supermarket
wants the logistics company to sign the fresh-keeping contract, that AE, (7Z'M ) must be constant greater than 0,

1 1
in this case, L > (clAyZZQ,. - pLAD, J/(l -py)-
i=1

i=1

1 1
So, when the supermarket play game with logistics company, if w, = cszZZQ[ is equal to w, = Z DPnAD,
i=1 i=1

1
there is not important to sign the contract logistics company and supermarket; if w, = cszZZQ,. is greater
i=1

1
than w, = z D, AD; , then, there is no overlapping range of default payments, logistics companies want the li-
i=1
quidated damages are less, but if the default payment is too small, the supermarket cannot benefit, so the super-
1 1
market will not agree to its cooperation; if w, = C2A722Qi is less than w, = Z D, AD; , Then there is room to
i=1 i=1

discuss the setting of liquidated damages, supermarkets and logistics companies can reach a common agreement
to sign fresh-keeping contract, Then , the negotiation range of liquidated damages L is

I I I I
clA722Qi_zpi2ADi clA7zzQi_CzA7zfo
i=1 i=1 <L< i=1 i=1
1-p, 1-p,

As long as the default payment L is in range of this negotiation, the supermarket and logistics companies can
benefit from the fresh-keeping contract.

6. Conclusions

This paper gives the game analysis of fresh-keeping contract between the supermarket and the farmer, the su-
permarket and the logistics company in the background of farm to market. Supermarket and farmer sign the
fresh-keeping contract of fresh agricultural products to ensure the quality of agricultural products produced by
farmers. Supermarket and logistics company sign the fresh-keeping contract of fresh agricultural products to
ensure that the logistics company maintains the freshness of agricultural products and reduces unnecessary
losses in the transport of agricultural products. In the whole analysis of the model, the effort factor maintaining
the quality of agricultural products of farmer and logistics company respectively is set, and fresh level parame-
ters are added to make the analysis more rational and logical. In game analysis, with expected profit as evalua-
tion index, this paper discusses the income and expenditure of farmers, logistics companies and supermarkets,
lists the expected profit of signing the fresh-keeping contract and not signing the fresh-keeping contract, and
then gives the comparative analysis.

The following conclusions can be obtained from the results. First, when farmer and supermarket sign the
fresh-keeping contract of fresh agricultural products, the farmer and the supermarket will both benefit from the
fresh-keeping contract. Second, whether supermarket and logistics company sign the fresh-keeping contract is
determined by w;, w,.If w, =w,, it doesn’t matter whether the supermarket and the logistics company sign
the contract, because the profit is equal to the expected profit. If w, > w,, supermarket and logistics company
will not choose cooperation. If w, < w,, then there should be a reasonable negotiation of liquidated damages, so
the two sides can decide whether to sign a contract, As long as the liquidated damages are in a reasonable range,
supermarket and logistics company will both benefit from signing a fresh-keeping contract.
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